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Introduction
Analyte stability during pre-analytical storage is essential to the accurate quantification of contaminant levels in environmental samples. This is particularly true for volatile organic compound (VOC) analysis, since some of these target analytes can volatilize andor degrade during sample storage. To reduce the impact of these transformation mechanisms on VOC analyses, regulatory agencies require that water samples be collected without headspace in 40-mL vials with Teflon-lined septum caps, acidified to pH-2, and stored at 4°C. Furthermore This report was prepared as an account of work sponsored by an agency of the United States Government. Neither the United States Government nor any agency thereof, nor any of their employees, makes any warranty, express or implied, or assumes any legal liability or responsibility for the accuracy, completeness, or usefulness of any information, apparatus, product, or proctss disclosed, or represents that its use would not infringe privately owned rights. Reference herein to any specific commercial product, process, or service by trade name, trademark, manufacturer, or otherwise does not necessarily constitute or imply its endorsement, m mmendation, or favoring by the United States Government or any agency thereof. The views and opinions of authors expressed herein do not necessarily state or reflect those of the United States Government or any agency thereof. holding time was arbitrarily set and specified in 40CFR Part 136 [1979] , and has since been adopted by other regulatory programs and for application to other environmental media [40CFR Part 136, 1984; EPA, 19861. The appropriateness of this requirement must be re-evaluated since compliance with this 14-day holding time can and has been difficult and costly for sample collectors, data users and analytical laboratories. Recent Superfund Guidance [EPA, 19943 attempts to address the problem by relying on data validators' judgment to assess the impact of missed holding times on analytical measurements. However, this has still led to unequivocal rejection of data when prescribed holding times are missed, and more specific guidance backed by scientific data is needed from regulatory agencies pottrell, 19951.
Previous stability studies [Maskarinec et al., 1989; Bottrell et al., 19891 have demonstrated that a majority of purgeable volatile organic compounds in properly preserved VOC water samples (acidified, no headspace, 4'C storage) are stable for time periods well over 14 days. The goal of this study is to confirm these previous studies, as well as to provide regulatory agencies with the necessary data to extend the maximum holding time for properly preserved VOC water samples to 28 days.
ExDenmental Methods
The stability study was performed on surface water collected from a tributary of the Clinch River in Oak Ridge, TN. Water samples were prepared following the procedure described by Maskarinec et al. [ 19891. A clean 3-L Tedlar bag was filled with two liters of surface water. Measured aliquots of VOC standard solutions were injected into the water-filled Tedlar bag through the bag's septum port. The water-filled Tedlar bag was shaken for 1-min, and allowed to equilibrate at room temperature for 20 min. After equilibration, the spiked water was distributed into an appropriate number of pre-cleaned 40-mL VOA vials with Teflon-lined (0.010-in thick) silicone septum caps. Two hundredfifty milligrams of NaHSO4 were placed in each vial prior to filling. Each vial was completely filled (i.e., with no headspace) and stored at 4°C prior to analysis. Two sets of samples were prepared, one set was spiked to 20-ppb (Wl) while a second set was spiked to 200-ppb (W2). At 1, 8, 15, 22, 29, 35, and 71 days after sample preparation, four samples from each set were analyzed for VOCs. Analyses followed the purge-andtrap (PT) method in SW846-8260A [EPA, 19861, except that all calibrations were performed in reagent water that had been acidified to pH-2 with reagent-grade NaHS04 (resulting pH was 2.4-2.6). Further experimental details are given in a forthcoming report and publications [West et al., 19961.
Results
Regression lines were fitted to the data for concentration vs analysis day (see Table 1 for a select number of compounds). Measurement variability [i.e., relative measurement error (%RMQ] for each compound within each sample set was estimated as follows:
where So is the square root of the mean-square error for the linear regression residuals, and Co is the extrapolated concentration on Day 0. Calculated values for % M E were predominantly less than 15% in both sets W 1 and W2, with values being lower in set W 1 (20 ppb spike). These low values indicate that scatter in the data was generally minimal, and that concentration trends with time were less likely masked by measurement variability. Such masking of concentration trends may have occurred with vinyl chloride, which exhibited the highest %RME in both sample sets (43% and 33%). Statistically insignificant changes in vinyl chloride concentration with time may have been due to large measurement variability. However, a statistically significant negative slope was observed in vinyl acetate in both sets W1 and W2, despite a relatively large %RME (21% and 29%). For this compound, the concentration change with time was large enough to offset the masking effects of data scatter.
Changes in concentration after 28 days of storage (last column in Table 1) Concentration changes exceeded 10% for a larger number of compounds in set W2, including trichlorofluoromethane (1 5%), acrolein (25%), carbon disu@& ( i 7%), vinyl acetate (42%), cis-I , 3- dichloropropene (1 4%), trans-i, 3-dichloropropene (1 2%),  tetrachloroethene (1 6%) , and trans-I * 2-dichloro-2-butene (26%). For compounds exhibiting non-significant slopes ( Table 2) , maximum holding times (MHTs) were set to 71 days, Le., the duration of the stability experiment. For compounds with significantly negative slopes, MHTs were calculated from the stability data using "practical report time" analysis [Bayne et al. 19941 . ResuIts of the analysis are presented in Table 2; details of the analysis are given in [west et al. 19961. The compounds were subdivided into 3 groups (see Table 2 ): (1) VOCs which haveMHTs greater than 28 days (Group l), (2) VOCs which have MHTs less than 28 days but for which the relative change in concentration on the 28th day was <IO% of the initial value, and (3) VOCs which have MHTs less than 28 days and the relative change in concentration on the 28th day was > 10%. . . Calculated MHTs were very short for some analytes with very low measurement variability, even though concentration changes on the 28th day were relatively small (e.g., styrene in set W2: o/oRNE= 5.0%, MHT= 9.4 days, %change on the 28th day relative to initial concentration = -10%). In such cases, factors other than calculated MHTs should be considered when assessing the effects of holding times on measurement validity.
S u m m a r y e s s i o n
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Statistical definitions of significant concentration change, such as the practical report time approach [Bayne et al., 19941 , must be complemented with "practical" definitions of "acceptable" concentration change. Ideally, specifications for "acceptable" concentration changes should be tied into the eventual use of the analytical data. For example, "acceptable" concentration changes for analytical data used in quantitative risk assessments can be determined by the sensitivity of the risk assessment results to variations in the input analytical data. Since, the selection of a generic "acceptable" concentration change was beyond the scope of this study, 10% was chosen as a reasonable value to assess the holding time effects on analyses.
Based on calculated MHTs and an "acceptable" concentration change of 10% for lowvariability analytes, the stability study showed that the measurement of 36 out of 44 purgeable VOCs in properly preserved water samples will not be affected by sample storage for 28 days. Larger changes in concentration (>lo%) and low MHTs were observed for a few analytes (see Group 3 in Table 2 ). However, additional analytical problems for some of the latter compounds exist (e.g., inconsistent purging) which can confound the analytical process and which can not be addressed by restricting maximum holding times alone.
This study demonstrates that a 28-day holding time for properly preserved water samples would not jeopardize the measurement of VOCs. This holding time extension would benefit the regulated community, particularly government agencies with large-scale compliance sampling programs such as the Department of Defense and Department of Energy. Stringent holding times result in logistical difficulties further complicated by additional requirements for sample screening (e.g., for radioactivity). The suggested modification of holding times can also improve the sample through-put of commercial laboratories through simplified sample management. Application to data review of the database generated by this study would also improve the analytical data validation process by providing an alternative to the currently "one-size-fits-all" accept or reject approach that is very costly but not technically defensible.
This study also demonstrated a methodology for conducting a stability study and practical reporting time analysis of the stability data. The latter approach would be useful for establishing site-specific maximum holding times which, depending on the compounds of interest, can be longer than 28 days.
